Background: Acute aortic dissection is a life-threatening cardiovascular emergency. Pentraxin-3 (PTX3) is proposed as a prognostic marker and found to be related to worse clinical outcomes in various cardiovascular diseases. This study sought to investigate the association of circulating PTX3 levels with in-hospital mortality in patients with acute Type A aortic dissection (TAAD). Methods: A total of 98 patients with TAAD between January 2012 and December 2015 were enrolled in this study. Plasma concentrations of PTX3 were measured upon admission using a high-sensitivity enzyme-linked immunosorbent assay system. Patients were divided into two groups as patients died during hospitalization (Group 1) and those who survived (Group 2). The clinical, laboratory variables, and imaging findings were analyzed between the two groups, and predictors for in-hospital mortality were evaluated using multivariate analysis. Results: During the hospital stay, 32 (33%) patients died and 66 (67%) survived. The patients who died during hospitalization had significantly higher PTX3 levels on admission compared to those who survived. Pearson's correlation analysis demonstrated that PTX3 correlated positively with high-sensitivity C-reactive protein (hsCRP), maximum white blood cell count, and aortic diameter. Multivariate logistic regression analysis demonstrated that PTX3 levels, coronary involvement, cardiac tamponade, and a conservative treatment strategy are significant independent predictors of in-hospital mortality in patients with TAAD. The receiver operating characteristic curve analysis further illustrated that PTX3 levels on admission were strong predictors of mortality with an area under the curve of 0.89. A PTX3 level ≥5.46 ng/ml showed a sensitivity of 88% and a specificity of 79%, and an hsCRP concentration ≥9.5 mg/L had a sensitivity of 80% and a specificity of 69% for predicting in-hospital mortality. Conclusion: High PTX3 levels on admission are independently associated with the in-hospital mortality in patients with TAAD.
IntRoductIon
Acute aortic dissection (AAD) is a life-threatening cardiovascular disease associated with severe morbidity and mortality. The Stanford Type A involves the ascending aorta, whereas Type B dissection involves the descending aorta only. [1] Stanford-A is the most frequent type of dissection, and the mortality rate has been reported to be 50%-68% within the first 48 h after an acute event, with a mean mortality of up to approximately 1-2%/h, and that nearly 90% of patients succumbing within 30 days without appropriate treatment. [1, 2] Although two validated risk stratification models including pre-and intra-operative variables have been described by the International Registry of Acute Aortic Dissection (IRAD), [3] the predictors of mortality in acute Type A AD (TAAD) are not fully elucidated. Recent studies have identified that some routine clinical biomarkers would be a valuable tool in early stratification of patients with acute TAAD.
Association of Plasma Pentraxin-3 Levels on Admission with In-hospital Mortality in Patients with Acute Type A Aortic Dissection
Pentraxin-3 (PTX3) is a newly identified member of the pentraxin superfamily. As an evolutionarily conserved acute-phase inflammatory reactant, PTX3 shares some similarities with C-reactive protein (CRP), but differs in terms of structural domain, gene organization, cellular and tissue sources, inducing stimuli, and ligands recognized. [4] PTX3 is produced and released in several types of cells other than liver cells, such as vascular endothelial cells, macrophages, and smooth muscle cells, in response to primary inflammatory signals. [4, 5] PTX3 is locally synthesized at the site of inflammation and may reflect the inflammatory status of the vasculature more directly than CRP. [5] Recent study has demonstrated that elevated plasma PTX3 levels were associated with plaque vulnerability in coronary artery disease patients. [6] Furthermore, plasma PTX3 is also implicated as a predictor of adverse clinical outcomes in patients with acute coronary syndrome [7] and could potentially function as an independent predictor of prognosis in patients with chronic heart failure. [8] To date, however, the prognostic value of circulating PTX3 levels in patients with TAAD has not been directly explored. The goal of the present study was to investigate the association of plasma PTX3 levels with in-hospital mortality in patients with acute TAAD.
Methods

Patient selection
Consecutive patients admitted with a new-onset acute TAAD and admitted to our hospital from January 2012 to December 2015 were eligible for analysis. AAD was diagnosed at the department of emergency medicine at our institution and classified according to the guidelines for the diagnosis and management of thoracic aortic disease by the American Heart Association. [9] The diagnosis of AAD was confirmed in all patients on the basis of typical clinical symptoms, chest radiography, transthoracic echocardiography (TTE), and computed tomography angiography (CTA). [1] Depending on the site of rupture, any dissection that involved the ascending aorta was defined as TAAD. Acute dissection is defined as within 1 week of symptom onset. [1, 10] Exclusion criteria included patients with a history of previous episodes of aortic dissection (AD), aortic surgery, and/or endovascular interventions; patients with previous open heart surgery; obstructive sleep apnea-hypopnea syndrome; active systematic inflammatory disease, active infection, chronic inflammatory status including inflammatory rheumatic disease or malignant disease; acute and chronic liver disease; renal insufficiency (serum creatinine >2.5 mg/dl); and patients accompanied by coronary heart disease, Marfan syndrome, and those treated with nonsteroidal anti-inflammatory drugs or steroids. Written informed consent was obtained from all patients. The investigation was performed in accordance with the ethical standards in the Declaration of Helsinki, and the study protocol was approved by the Institutional Review Board of the Second Xiangya Hospital of Central South University (No. 2012-026).
Data evaluation
The protocol for the enrolled patients included the documentation of the patients' characteristics. Clinical variables included the baseline characteristics such as age, gender, smoking status, cardiovascular risk factors and comorbidities, and family history; as the time point of onset of symptoms and physical examination on admission were all assessed on admission. Complications, such as myocardial infarction, pericardial effusion, cardiac tamponade, aortic rupture, acute heart failure, cardiogenic shock, and acute renal failure, were also noted. The electrocardiographic findings; image diagnostic findings including those from chest radiography, echocardiography, and CTA; and details of medical or surgical therapy and outcomes were all entered into a database. The measurement of the diameter of the ascending aorta was based on CTA. Left ventricular ejection fraction was evaluated with TTE.
Definition of cardiovascular risk factors
The diagnosis of essential hypertension was established by a clinical record of systolic blood pressure ≥140 mmHg, and/or diastolic blood pressure ≥90 mmHg, or the use of antihypertensive agents. Diabetes mellitus was defined by patients having been informed of this diagnosis by a physician before admission or was receiving hypoglycemic treatments (dietary, oral anti-diabetic agents, or insulin) or patients who presented to the catheterization laboratory with serum hemoglobin A1c levels ≥6.5%. Dyslipidemia was defined by medical history or the use of lipid-lowering medications to reduce lipid levels or fasting serum low-density lipoprotein levels >140 mg/dl. [11] 
Laboratory assays
The venous blood samples were drawn from all patients upon admission before administration of any medication. Blood samples were collected using standardized sterile tubes and centrifuged at 3500 r/min for 10 min at 4°C, and the serum and plasma were immediately frozen and stored at −80°C until being assayed. Levels of PTX3 were measured using a high-sensitivity enzyme-linked immunosorbent assay system for human plasma (Perseus Proteomics, Tokyo, Japan). The normal physiological concentration of plasma PTX3 is lower than 2 ng/ml. High-sensitivity CRP (hsCRP) levels were measured using immunonephelometric method (IMMAGE Immunochemistry System; Beckman Coulter, California, USA). The neutrophil-to-lymphocyte ratio was calculated as total neutrophil counts divided by those of lymphocytes using the same blood samples drawn on admission. Other blood tests, including lipids, troponin I, and creatinine were assayed using routine laboratory methods. Glomerular filtration rate was estimated on the basis of serum creatinine, age, and gender, using the Cockcroft-Gault formula as previously described. [12] 
Statistical analysis
The Kolmogorov-Smirnov test was used to test the normality of distribution of continuous variables. Continuous data were reported as mean ± standard deviation (SD) if normally distributed or median (Q 1 , Q 3 ) if not normally distributed, and they were compared using Student's t-test and MannWhitney U-test, respectively. Categorical variables were expressed as percentages and compared by Chi-square test or Fisher's exact test. Pearson's correlation coefficient was used to disclose the association between two continuous variables. Receiver operating characteristic (ROC) analyses were used to detect the cutoff value of PTX3 levels in prediction of in-hospital mortality in patients with TAAD. Multivariate logistic regression analysis was used to identify independent predictors of in-hospital mortality. All variables with P < 0.10 by univariate analysis were included in this multiple regression model. All statistical tests were performed using SPSS software, version 17.0 (SPSS Inc, Chicago, Illinois, USA). P < 0.05 was regarded as statistically significant.
Results
Baseline clinical characteristics, laboratory variables, and imaging findings
Of the 146 consecutive patients who presented with TAAD admitted to our hospital during the study period, a total of 98 patients fit the inclusion criteria and were included in this study. The mean age of the study population was 53.6 ± 9.8 years (range, 36-71 years) and 70% (n = 69) were male. Among them, 32 (33%) patients died during their hospital stay and 66 (67%) patients survived. The mean time from hospital admission to death was 4.0 ± 2.3 days. Thus, the study comprised two groups of patients: death (Group 1) and survival (Group 2). The causes of death included pericardium tamponade (n = 3), low cardiac output after operation (n = 5), aortic rupture (n = 7), acute myocardial infarction/cardiogenic shock (n = 8), acute heart failure (n = 2), and multiple organ failure (n = 7). The median onset of symptoms before admission was 2.8 h (1.2, 7.5). Fifty-five patients (56%) underwent emergency surgical repair, and the others were treated conservatively.
Demographic data, baseline clinical characteristics, and laboratory variables of the study participants according to in-hospital mortality are listed in Table 1 . The mean age was significantly older in Group 1 as compared to Group 2 (P = 0.014). There were no significant differences between the two groups in terms of gender, body mass index, prevalence of cardiovascular risk factors, and time from symptoms' onset to hospital admission. Moreover, the left ventricular ejection fraction and medications before admission were also similar. With respect to laboratory findings, the plasma PTX3 levels and hsCRP levels were significantly higher in Group Figure 1 ]. The mean white blood cell (WBC) count as well as neutrophil-to-lymphocyte ratio on admission were also significantly higher in Group 1 [ Table 1 ]. The CT and echocardiographic findings were similar between the two groups. However, the incidence of coronary involvement and the occurrence of cardiac tamponade were significantly higher in Group 1 as compared to Group 2. The aortic diameters were significantly larger in Group 1 [ Table 1 ]. There was a significant difference in the two groups for surgical treatment (11 [34%] vs. 44 [67%], P = 0.003). Stratified analysis for each treatment strategy showed that PTX3 concentrations were significantly higher in patients who died than in survivors in surgically as well as in medically treated patients [ Table 2 ]. In patients who died during hospitalization, the subgroup analysis showed that the plasma PTX3 levels were significantly higher in patients surgically treated than in those under conservative treatment (7.11 [4.13, 16 .94] ng/ml vs. 6.31 [3.35, 13 .78] ng/ml, P = 0.033).
Relationships among pentraxin-3, high-sensitivity C-reactive protein, and imaging findings
Pearson's correlation analysis documented that the plasma PTX3 levels had a positive correlation with aortic diameter (r = 0.527, P < 0.001), while a negative correlation with the time from the onset of symptoms to hospital admission (r = −0.264, P = 0.005). Interestingly, plasma PTX3 levels were weakly correlated with CRP (r = 0.216, P = 0.015) and maximum WBC count (r = 0.327, P = 0.007).
Univariate and multiple logistic regression analysis for in-hospital mortality
The results of the univariate and multivariate analyses for Table 3 . The univariable analysis showed that significant predictors of in-hospital mortality were age >65 years, PTX3 levels, hsCRP levels on admission, neutrophil-to-lymphocyte ratio, aortic diameter, cardiac tamponade, coronary involvement, time from symptoms' onset to hospital admission, and a conservative treatment strategy. In a multivariable logistic regression model by using in-hospital mortality as the dependent variable with adjustments for significant variables as identified from the univariable analysis, PTX3 and hsCRP levels on admission, conservative treatment strategy, and cardiac tamponade together with coronary involvement remained independent predictors of in-hospital mortality. The ROCs curves of PTX3 levels and hsCRP for predicting in-hospital mortality are shown in Figure 2 . The ROC curve analysis further illustrated that PTX3 levels on admission were the strong predictors of mortality with an area under the curve (AUC) of 0.89 (95% confidence interval [CI ]: 0.83-0.96, P < 0.001), while the AUC of CRP was 0.69 (95% CI: 0.51-0.88; P = 0.022). A PTX3 level ≥5.46 ng/ml showed a sensitivity of 88% and a specificity of 79% [ Figure 2a] , and an hsCRP level ≥9.5 mg/L had a sensitivity of 80% and a specificity of 69% [ Figure 2b ] for predicting in-hospital mortality.
dIscussIon
The major findings of this study are as follows: (1) plasma PTX3 levels were significantly elevated during the acute stage after AD, and the levels on admission were significantly higher in the patients who died during hospitalization than in the survivors. (2) PTX3 levels showed a good correlation with established predictors of in-hospital mortality such as maximum aortic diameter at the level of the dissection. (3) The in-hospital mortality rates in patients with acute TAAD remained high. PTX3 level on admission was found to be an independent predictor of in-hospital mortality. This preliminary study suggests that PTX3 might be a novel biomarker reflecting active tissue inflammation in the aortic wall following AD, and PTX3 might provide valuable information for risk stratification of patients with acute TAAD. These findings may lead the clinician to make clinical risk stratification by incorporating PTX3 into the current risk assessment tools for patients admitted with acute TAAD.
Despite significant advances in the treatment of many cardiac conditions, acute TAAD remains the most catastrophic condition affecting the thoracic aorta, with high in-hospital mortality due to potentially fatal complications such as coronary involvement, even in centers that have extensive expertise and interest in the treatment of high-risk patients. [13] The IRAD reported in-hospital mortality rate of 32.5% in 547 patients for acute TAAD. [14] Similarly, in this analysis of 98 patients who had TAAD during the study period, the overall in-hospital mortality rate was up to 32.7%, which was within the range (between 20% and 30%) obtained from other recent single-center studies. [15] Given the high mortality, predictive tools to identify patients at an increased risk of death are needed to assist clinicians in optimal treatment. According to the IRAD, the independent variables of mortality are advanced age (≥70 years), hypotension, shock, or tamponade at presentation, previous heart disease and postoperative renal failure, and mesenteric or myocardial ischemia. [14] However, there is a growing interest in bedside risk assessment for in-hospital death, and in many current research studies, several biomarkers of vascular damage, thrombosis, and inflammation have been evaluated as contributors in the diagnosis of AAD or as risk prediction tools. [16] [17] [18] [19] [20] PTX3 is synthesized locally at the inflammatory sites by vascular endothelium and smooth muscle cells or by macrophages upon exposure to primary inflammatory signals -1 (IL-1) , tumor necrosis factor-α, and oxidized low-density lipoprotein. [4] [5] [6] Furthermore, PTX3 is highly expressed in vascular cells and vascular inflammatory cells of human atherosclerotic lesions. [21] Importantly, PTX3 appears to be also a useful marker of cardiovascular risk, and high concentrations of circulating PTX3 have been shown to be consistently and strongly associated with adverse cardiovascular events in patients with non-ST-segment elevation myocardial infarction [7, 22] as well as in those with chronic heart failure. [8, 23] A recent study by Akgul et al. [24] suggests that high-admission PTX3 level was associated with increased in-hospital cardiovascular mortality and 2-year all-cause mortality in patients with acute myocardial infarction undergoing primary percutaneous coronary intervention. Taken together, PTX3 may represent a useful marker for localized vascular inflammation and damage in the cardiovascular system. Arao et al. [11] have recently explored the association of plasma PTX3 levels with the amount of pleural fluid accumulation in Stanford Type B AD patients. Their results demonstrated that the peak PTX3 level in patients with AAD was associated with the amount of transient pleural fluid accumulation. However, this study included only the patients who suffered Type B AD. In addition, it did not show significant differences between the PTX3 levels in patients with and without composite events of all-cause death and aortic repair due to limited samples.
The present study preliminary demonstrated that plasma PTX3 levels are independently associated with in-hospital mortality in patients with TAAD. Why elevated PTX3 level is associated with increased in-hospital mortality in patients with TAAD? Currently, the exact pathophysiologic mechanisms have not been clearly elucidated; however, we propose that these potential mechanisms might be responsible for the association of PTX3 with in-hospital mortality after TAAD. First, PTX3 is a useful marker for evaluating local inflammatory response and vascular injury. It is produced mainly in vascular-related cells, and AAD occurs instantly with extensive macrovascular disease involving aortic medial tears. Therefore, a higher circulating PTX3 level might indicate patients who have a more intense vascular inflammatory reaction and vascular injury. Second, vessel wall inflammation in patients with AAD has been associated with a high risk for disease progression. It has been demonstrated that inflammation could destroy the medial layer of the aortic wall and eventually lead to dilation, dissection, and rupture of the aortic wall. [25] Recent studies showed that inflammatory changes in the aortic wall were observed during the whole course of AD. [26, 27] Qin et al. [28] have recently dynamically monitored the systemic inflammatory level and platelet activation with a new acute TAAD canine model. Their study found that both tumor necrosis factor-α and IL-6 were significantly climbed and reached highest levels at 6 h after the AD model was established. Moreover, the same start points for systemic inflammation and platelet activation were identified, and bivariate analysis demonstrated that peak mean platelet volume/platelet count ratios were positively correlated with inflammatory cytokine. Kuehl et al. [29] also revealed that patients who had serious clinical symptoms and developed disease progression had higher inflammatory cell activity in the aortic wall than asymptomatic and clinically stable patients. More interestingly, there is now substantial evidence to suggest that increased circulating inflammatory markers such as CRP, [18] neutrophil-to-lymphocyte ratio, [19] and WBC count [20] could predict clinical events in patients with acute TAAD, especially death during hospitalization.
Of note, the present study demonstrated a weak association between PTX3 and hsCRP concentrations (r = 0.216, P = 0.015), which is consistent with previous reports of other population such as non-ST-segment elevation myocardial infarction, [22] chronic heart failure, [23] or Stanford Type B AD. [11] This is because these inflammatory markers are produced differently. CRP is a short pentraxin produced in the liver in response to IL-6, whereas PTX3 is a long pentraxin produced by inflammatory and immune cells in response to IL-1. In addition, PTX3 is also distinct from CRP in ligand recognitions and innate immunity function. [11] These differences between PTX3 and CRP may have resulted in the weak association of these markers. Therefore, PTX3 provides important prognostic information independently from CRP and it is a more sensitive and immediate inflammatory marker than CRP in patients with TAAD.
Our study identified several clinical variables to be important predictors of death in patients with acute TAAD that are similar to those reported in prior studies. [14, 15] By multivariate analysis, the logistic model identified the following complications independently associated with death during in-hospital stay: PTX3 and hsCRP levels on admission and conservative treatment strategy together with coronary involvement. The IRAD revealed that complications of dissection are more common in patients with an aortic diameter of 5.5 cm or greater; these patients have about a four times greater in-hospital mortality than those with a diameter smaller than 5.5 cm. Interestingly, the present study showed that plasma PTX3 levels had a positive correlation with aortic diameter. This correlation might also explain part of the increased in-hospital mortality rate in patients with elevated PTX3.
Some limitations of the present study have to be acknowledged: (1) the major limitation of this study is a single-center study limited to a specific study population and the sample size was relatively small. Therefore, the selection bias cannot be completely avoided although strict inclusion and exclusion criteria of participants were followed. (2) Allowing for the surgical intervention itself is thought to have a great effect on the PTX3 and CRP levels, thus the information on dynamic changes of PTX3 was not investigated, while serial measurements of PTX3 might be useful for evaluating changes in inflammatory status, estimating risk during the hospitalization. These issues should be evaluated in a future trial with a large-scale study population. (3) Multiple factors have shown to contribute to the outcomes of acute TAAD; thus, although a strong outcome predictor, plasma PTX3, may not be used as a "stand-alone" test in clinical routine, it will substantially improve outcome prediction in combination with the existing risk indices. Despite these limitations, our study provided the evidence for the prognostic significance of PTX3 in TAAD.
In conclusion, this study suggested that high PTX3 levels on admission were independently associated with the in-hospital mortality in patients with TAAD. Plasma PTX3 levels could provide useful information for identifying patients at a high risk among patients with TAAD. Further large-scale investigations and comparisons with other clinical parameters are required to confirm the predictive ability of PTX3 in the prognosis of TAAD.
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